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httcense.Abstract Objective: The measurement of knee joint space width (JSW), between the distal femur
and the proximal tibia is an indirect way of measuring the tibio-femoral cartilage thickness, which is
considered a valuable parameter, in assessing knee cartilage disease. This study is aimed at estab-
lishing normal references of JSW for use in diagnosis and follow up of knee cartilage diseases.
Methods: This prospective study was conducted on 30 ﬁxed-ﬂexion erect knee computed radio-
graphs of 160 adults. The JSW of both medial and lateral compartments of each knee was measured
using in-built electronic calipers.
Results: The mean right medial and lateral JSW measured 4.74 mm± 0.75 and 5.63 mm± 0.86,
respectively. The mean left medial and lateral JSW measured 4.74 mm± 0.76 and 5.66 mm± 0.87.
No statistically signiﬁcant difference was found between right and left knee JSW compartments.
Discussions: The radiographic reference values of the knee JSW were obtained, showing no signif-
icant gender variation in knee JSW. However, there is a decrease in JSW with increasing age.
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The knee is a weight-bearing synovial hinge joint comprising
of two condylar joints (between the femoral and corresponding
tibial condyles); and a saddle joint (between the patella and the
patellar surface of the femur). The tibio-femoral articulations
are separated by articular cartilages and menisci; with little
contributions from cruciate ligaments. These are collectively
seen on frontal radiograph as a radiolucent area between the
bony tibial and femoral condyles (1–3). As a result of weargyptian Society of Radiology and Nuclear Medicine.
.03.005
Fig. 2 The frontal 30 ﬁxed-ﬂexion weight-bearing knee com-
puted radiograph; showing the reference points for measuring
medial and lateral tibio-femoral joint space widths (arrows).
Fig. 1 A photograph of one of the study subjects, showing the
300 knee ﬂexion positioning for knee radiographic examination.
254 I. Anas et al.and tear over time, there is a gradual reduction in JSW with
increasing age (4,5).
Osteoarthritis (OA), a degenerative disease, is a leading
cause of knee joint space narrowing. It is the most common
joint disorder and responsible for substantial economic, social
and psychological costs. Majority of individuals over the age
of 65 years in the developed nations demonstrate radiographic
evidence of OA. In Nigeria, presentation is at a much younger
age (5,6).
One of its earliest signs may be narrowing of the medial
compartment of the joint. This is followed by sub-chondral
sclerosis and cystic changes of the articular surfaces. Spur for-
mation may also occur on the tibial spine (5).
The measurement of the distance between the distal femur
and the proximal tibia (the JSW), is an indirect way of measur-
ing cartilage thickness; this has become a reproducible tool for
the assessment of progressive knee cartilage degenerative
conditions (5). It is also of value in the evaluation of disease-
modifying therapies for OA (7–9). This study determines the
normal reference values of knee JSW on computed radio-
graphic images of normal adults and correlates the measured
knee JSW with age, sex and body mass index.
2. Materials and methods
2.1. Study settings and subjects
This prospective cross sectional study was carried out at
Aminu Kano Teaching Hospital (AKTH), a tertiary health
care facility located in Kano, Northwestern Nigeria. The study
was conducted from February, 2010 to May, 2010 at the
Radiology Department of AKTH.
The study population was 160 subjects. These subjects in-
clude: consenting adults, staff, students and individuals for
pre-employment medical examinations.
Exclusion list include: individuals with clinical or radio-
graphic evidence of inﬂammatory or degenerative arthritis,
those previously diagnosed with chronic bone or joint disease
or injury and/or had undergone any knee surgery. They also
include those with limping and congenital limb deformities
as well as non consenting individuals.
2.2. Data collection
After obtaining approval from the ethics committee of AKTH,
written consent was obtained from each study subject. A struc-
tured data collection check list was used to document the data
on the age, gender and history of knee joint pain and injury/
surgery, limping and congenital limb deformities. Body weight
and height were measured on each participant to the nearest
0.1 kg and 0.1 M using well calibrated bathroom weighing
scale and meter rule, respectively (from which their corre-
sponding body mass indices were calculated in kg/m2) before
the knee radiographic examination.
2.3. Technique of computed knee radiography
The subjects underwent both knee radiographic examinations.
Subjects were required to stand, with their weight distributed
equally between their legs, on a piece of cardboard such thatboth feet are externally rotated by 10. Both feet were traced
with a pen onto a cardboard for the use on the remaining study
subjects. Facing and holding the sides of the erect Bucky, sub-
jects were asked to bend their knees slightly with 30 ﬂexion
(knee ﬂexion and foot rotation angles were conﬁrmed by goni-
ometer; as shown in Fig. 1) such that both patellae were
pressed against the erect Bucky, containing photo-stimulable
phosphor imaging plate. The postero-anterior X-ray beam
was directed parallel to the tibial plateau at a 10 caudal beam
alignment. The position of the knee and foot was similar for all
subjects. The distance between the X-ray tube, the imaging
plate and the knee was also kept constant in all subjects. Ana-
tomical marker was placed and radiographic exposure was
made in full immobilization. All radiographs were obtained
by the same radiographer and the ﬁrst twenty cases were done
under the supervision to ensure consistency of the technique.
The exposed imaging plates were subsequently digitized
using Agfa CR-35 digitizer system at an optimum gray scale
resolution. The maximum height of the JSW digitized images
Table 1 Distribution of mean knee joint space width (JSW) among the study subjects based on their BMI.
Habbitus Mean BMI (kg/m2) RMS (mm) LMS (mm) RLS (mm) LLS (mm)
Under-weight 16.84 ± 0.95 4.70 ± 0.42 4.51 ± 0.44 5.22 ± 0.56 5.26 ± 0.56
Normal 21.05 ± 1.59 4.78 ± 0.78 4.78 ± 0.79 5.71 ± 0.88 5.24 ± 0.90
Over weight 25.23 ± 0.17 4.36 ± 0.32 4.34 ± 0.34 4.86 ± 0.41 4.93 ± 0.22
Key: RMS= Right medial joint space, RLS = Right lateral joint space, LMS= Left medial joint space, LLS = Left lateral joint space,
BMI = Body mass index.
Table 2 Knee joint space width (JSW) distribution of the subjects based on their age group and sex.
Age group (yrs) Males Females
RMS (mm) RLS (mm) LMS (mm) LLS (mm) RMS (mm) RLS (mm) LMS (mm) LLS (mm)
15–24 4.98 ± 0.44 5.77 ± 0.47 4.97 ± 0.48 5.79 ± 0.49 4.84 ± 0.48 5.35 ± 0.60 4.86 ± 0.47 5.35 ± 0.65
25–34 5.51 ± 0.76 6.41 u 0.72 5.49 ± 0.64 6.57 ± 0.71 5.57 ± 0.59 6.72 ± 0.90 5.64 ± 0.63 6.60 ± 0.84
35–44 4.80 ± 0.79 5.83 ± 0.84 4.79 ± 0.82 5.92 ± 0.95 4.83 ± 0.71 5.83 ± 0.84 4.86 ± 0.74 5.92 ± 0.88
45–54 4.15 ± 0.15 5.00 ± 0.29 4.15 ± 0.12 5.01 ± 0.29 4.21 ± 0.18 5.16 ± 0.30 4.21 ± 0.16 5.17 ± 0.32
>55 4.21 ± 0.20 4.74 ± 0.21 4.17 ± 0.21 4.75 ± 0.19 3.92 ± 0.14 4.76 ± 0.19 3.95 ± 0.13 4.83 ± 0.19
Key: RMS= Right medial joint space, RLS = Right lateral joint space, LMS= Left medial joint space, LLS = Left lateral joint space.
Radiographic measurement of knee joint space 255was further analyzed for JSW, which was measured as the
maximum height of the JSW in the mid-portion of the medial
and lateral compartments of each knee; in the radiolucent area
between the radiopaque margins of the tibio-femoral articular
surfaces (as shown in Fig. 2). Measurements were made to the
nearest 0.1 mm using an in-built electronic caliper. The mean
of the three measurements was recorded as JSW. All measure-
ments were made by the corresponding author to avoid inter-
observer variation.
Radiographs were graded according to the Kellgren–
Lawrence (K–L) scoring system for features of OA (10).
Radiographs with s scoresP2 on the K–L scale were excluded.
These cases were thereafter replaced with new subjects.
Statistical package for social sciences (SPSS) version 16.0
software was used for data analysis. The measured data were
summarized as mean, standard deviation and range. The cor-
relation between the measured JSW, age, sex was examined
with analysis of variance (ANOVA), Pearson’s correlation
co-efﬁcient and student’s t-test.
3. Results
The study involved 69 males (43.1%) and 91 females (56.9%).
Their mean age was 39.75 ± 13.49 years and about 99 (62%)
of them are below the age of 35. Furthermore, 125 (78.13%)
of the subjects have a mean BMI of 21.05 kg/m2 ± 1.59. There
are 31 underweight subjects, with mean body mass index
(BMI) of 16.84 kg/m2 ± 0.95, constituting 19.38%; while the
overweight subjects with a mean BMI of 25.23 ± 0.17 kg/m2,
are only ﬁve in number, constituting just 3.13% (Table 1).
The mean right medial and lateral JSW measured 4.74
mm± 0.75 and 5.63 mm± 0.86, respectively. The left medial
and lateral JSW measured 4.74 mm± 0.76 and 5.66 mm
± 0.87.
Table 2 showed the age–sex distribution of JSW within the
study subjects. Among the male subjects, the medial and
lateral joint space widths for the right and left sides were
4.76 mm± 0.73, 5.61 mm± 0.79, 4.75 mm± 0.72 and5.67 mm± 0.85, respectively (Fig. 3). On the other hand, the
mean joint space widths for the medial and lateral compart-
ments of the female subjects on the respective right and left
sides were 4.67 mm± 0.73, 5.57 mm± 0.89, 4.69 mm±
0.75 and 5.58 mm± 0.86 ( Fig. 4). However, there was no
statistically signiﬁcant gender variation in joint space width
(P= 0.665).
Table 3 showed the age distribution of JSW. The age group
of 25–34 years showed highest values of JWS measurement,
with mean medial and lateral joint spaces measuring
5.57 ± 0.67, 6.57 ± 0.81, 5.59 ± 0.62 and 6.59 ± 0.75 on
the right and left, respectively. In the same vein, the age group
of 55 and older showed the lowest values for knee JSW. They
measured 4.01 mm± 0.21, 4.76 mm± 0.18, 4.00 mm± 0.2
and 4.79 mm± 0.2 on the respective medial and lateral com-
partments of the right and left sides (Figs. 5 and 6). There is
a statistically signiﬁcant negative correlation between the age
of the subjects, and their right and left medial and lateral
JSW. Their respective Pearson’s correlation co-efﬁcients are
0.61, 0.51, 0.61 and 0.5. Their respective co-efﬁcients
of determination (r2) are 0.37, 0.26, 0.37 and 0.25.
When the study subjects were classiﬁed based on their BMI
as shown in Table 2, overweight subjects showed the lowest
values of JSW compared to normal and underweight
individuals.
4. Discussion
This study was able to establish the normal reference value of
radiographic knee JSW among adults in Kano, Nigeria. This
radiographic technique was found useful in the evaluation of
knee cartilage abnormalities particularly early knee cartilage
degeneration, when cartilage thickness is decreasing and some
degree of bone remodeling has occurred (5,11,12). This is
important because OA is a painful and disabling condition,
incurring costs to the community in terms of man-hour loss,
contacts with health professionals, drug treatment, and some-
times, surgical procedures (5,6,13).
Fig. 3 A bar chart, showing distribution of mean JSW among male subjects.
Fig. 4 A bar chart, showing distribution of mean JSW among female subjects.
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approximate the ﬁndings of Beattie et al. (5) in Canada; with
slight female preponderance (Fig. 4). However, the notedrelative lower BMI among the participants in this study (Table
1) than those reported by Beattie et al. (5) and Dacre et al. (14)
may be related to genetic and nutritional factors.
Table 3 Age group distribution of subjects in relation to their knee joint space width (JSW).
Age group (yrs) Frequency RMS (mm) RLS (mm) LMS (mm) LLS (mm)
15–24 36 (22.50%) 4.93 ± 0.47 5.58 ± 0.63 4.94 ± 0.46 5.60 ± 0.63
25–34 26 (16.25%) 5.57 ± 0.67 6.57 ± 0.81 5.59 ± 0.62 6.59 ± 0.75
35–44 36 (22.50%) 5.00 ± 0.78 6.02 ± 0.86 5.02 ± 0.82 6.11 ± 0.92
45–54 36 (22.50%) 4.21 ± 0.18 5.16 ± 0.30 4.21 ± 0.16 5.17 ± 0.30
>55 26 (16.25%) 4.01 ± 0.21 4.76 ± 0.18 4.00 ± 0.2 4.79 ± 0.2
Key: RMS= Right medial joint space, RLS = Right lateral joint space, LMS= Left medial joint space, LLS = Left lateral joint space.
Fig. 5 A bar chart, showing the relationship between the respondent’s age group and measured JSW.
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ﬁndings of Sargon et al. (4) and Dacre et al. (14), the mean
medial JSW is less than that of the lateral. The difference could
be explained with the fact that the lateral tibio-femoral carti-
lage is thicker than that of the medial (1,2).
The medial knee JSW measured by Beattie et al. (5), Dacre
et al. (14) and Dana et al. (15) is higher than what was found in
this study. They found the values of 4.8 mm for females and
5.7 mm for males. This difference could be related to differ-
ences in the study design and possible characteristics of their
study subjects. The present study was based on erect radio-
graphs while Beattie et al. (5), Dacre et al. (14) and Dana et
al. (15) used radiographs that were obtained in the supine po-
sition for knee JSW measurements. Nevertheless, these three
studies did not measure the lateral knee JSW to allow for com-
parison with what was found in the present study.
Furthermore, the measured JSW in this study is lower than
those recorded by Lanyon et al. (16) in radiologically normal
knees though their study also compared normal and osteoar-
thritic knees. This difference suggests possible lower cartilage
thickness in Kano compared to developed countries. Possibleearly onset of cartilage degeneration in our community might
explain this disparity.
Although males were found to have slightly wider knee
JSW than females in this study, this difference is not statisti-
cally signiﬁcant, thus, allowing for local use of the uniform ref-
erence values for both sexes. However, Beattie et al. (5) found
the difference in medial JSW to be statistically signiﬁcant
among 119 respondents, measuring 4.8 and 5.7 mm in females
and males, respectively.
Body mass index is one of the relevant parameters in assess-
ing total body mass. It has a remarkable impact on the weight-
bearing joint, especially knee. Obesity, deﬁned by either
increased weight (kg) or BMI, is an unequivocal risk factor
for the onset, progression, and symptoms of knee OA (17).
Moreover, maintaining an ideal body weight or BMI was
found to reduce the risk for the onset of knee OA, and a reduc-
tion in either weight or BMI helps alleviate pain and disability
in people with established disease (18,19). In agreement with
previous reports (4,14,16), a very weak positive correlation
exists between the mean body mass index of the study
subjects and their corresponding knee JSW. Nevertheless, the
Fig. 6 Scatter diagram, showing relationship between the left
medial JSW (on the vertical axis) and the age of the subjects (on
the horizontal axis).
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normal and underweight subjects. However, as documented by
Wollheim, (17) that obesity as an unequivocal risk factor for
the onset, progression, and symptoms of knee osteoarthritis;
the few (3.13%) overweight subjects in this study, show rela-
tively narrower JSW compared to those with normal weight
and underweight individuals.
The measured knee JSW show initial increase with increas-
ing age up to 34 years; thereafter, there is a gradual reduction
with advancing age especially in the medial compartments
(Tables 2 and 3 and Figs. 4–6). The noted decrease in JSW
and cartilage thickness with increasing age corroborate the
ﬁndings of Dacre et al. (14) and Gensburger et al. (12), though
the latter study conducted by Gensburger et al. (12) was a
four-year longitudinal study, comparing the normal knees
and those with OA. Nevertheless, Beattie et al. (5) shows fairly
constant JSW with increasing age.
Having obtained reference values for radiographic knee JSW
in normal adults, there is a need for more detailed studies to
examine knee JSW in other groups such as children, elderly
and some disease states such as OA and other forms of arthritis.5. Conclusion
This study shows no signiﬁcant difference in knee JSW be-
tween males and females in Kano, Nigeria and there is a steady
increase in JSW with an increase in age up to 34 years.
Overweight persons tend to have narrower JSW compared to
normal and underweight individuals. The knee JSW in Kano
is slightly lower than that of Caucasians, further supporting
the need for establishment of normal reference values of knee
JSW for each region of the world; so as to adjust the geo-
graphic, racial and nutritional differences.Acknowledgements
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